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(57) ABSTRACT

A system for the transmission of electrical current that has
at least two rigid conductors, wherein the two conductors are
connected via at least one electrically conducting, deform-
able connecting element, which can comprise a helical
spring that 1s shaped like a ring in the direction of the
longitudinal axis thereof and grips a section of a first
conductor under pre-tension.
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SYSTEM FOR THE TRANSMISSION OF
ELECTRICAL CURRENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a system for the transmission of
electrical current comprising at least two electrically con-
ducting rigid conductors which are connected with one
another.

2. Description of Related Art

It 1s known for electrical current and 1n particular high
current to be transmitted via conductors which are designed
as large-volume, solid metal components, 1.e., which are
substantially rigid. The use of rigid conductors leads to the
problem that electrical functional elements which are to be
connected via these conductors need to be positioned rela-
tively exactly 1n relation to one another, since a compensa-
tion of positioning tolerances 1s not readily possible due to
the rigidity of the conductors. This problem could be solved
in that the at least two conductors of the system are con-
nected together with a defined play. However, 1n that case
the contact surface area between the two conductors varies
depending on their relative location, which could be asso-
clated with unsatisfactory transmission behavior for the
current. For example 1t 1s known, 1n the drive train of an
clectric motor vehicle, for a power distributor to be con-
nected with the power electronics via a system of nigid
conductors.

SUMMARY OF THE INVENTION

Starting out from this prior art, the invention was based on
the problem of providing a system of this generic category
comprising at least two rigid conductors, connected together
in an electrically conducting manner, which, despite the
possibility of a tolerance compensation with regard to the
positioning of electrical functional elements which are to be
connected by means of this system, guarantees reliable
transmission behavior.

This problem 1s solved through a system according to the
claims. Advantageous embodiments of the system according
to the invention are the subject matter of the claims and are
explained 1n the following description of the invention.

The above and other objects, which will be apparent to
those skilled 1n the art, are achieved 1n the present invention
which 1s directed to a system for the transmission of elec-
trical current comprising at least two rigid conductors
wherein the two conductors are connected via at least one
clectrically conducting, deformable connecting eclement
which comprises a helical spring shaped like a ring 1n the
direction of the longitudinal axis thereotf and which grips a
section of a first conductor under pre-tension such that it 1s
expanded radially, wherein it contacts at least the second
conductor 1n a radial plane formed by the helical spring,
such that the helical spring 1s pressed against the second
conductor by a contact element.

The system 1ncludes two helical springs which each grip
a section of the first conductor under pre-tension and contact
the second conductor 1n a radial plane formed by one of the
two helical springs. The contact element i1s preferably of
clectrically conducting design and 1s connected with the first
conductor 1n an electrically conducting manner. The second
conductor may include an opening through which the first
conductor extends.

A dimension of the opening in the second conductor 1s
greater than the corresponding external dimension of the
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2

first conductor 1n the section received into the opening. The
opening as well as the section of the first conductor received
into the opening are each circular in cross section, wherein
the difference in diameter amounts to between 0.1 mm and
0.2 mm.

The first conductor may be pin-formed 1n design and the
second conductor may be designed as a flat component.

The contact element 1s preferably formed as a head part of
the first conductor which has a larger diameter in compari-
son with a pin-formed base body of the first conductor. The
contact element may be 1n the form of a contact sleeve which
1s preferably connected with the first conductor 1n a force-
locking manner. The internal diameter of a central opening
in the contact sleeve 1s slightly less than the external
diameter of a fixing section of the first conductor, wherein
the contact sleeve can be pushed onto the fixing section.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be novel and the
clements characteristic of the invention are set forth with
particularity in the appended claims. The figures are for
illustration purposes only and are not drawn to scale. The
invention 1itself, however, both as to organization and
method of operation, may best be understood by reference to
the detailed description which follows taken 1n conjunction
with the accompanying drawings 1n which:

FIG. 1 shows an 1sometric exploded representation of a
system according to the invention; and

FIG. 2 shows a cross section through the system accord-
ing to the mvention as shown i FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

In describing the preferred embodiment of the present
invention, reference will be made herein to FIGS. 1-2 of the
drawings in which like numerals refer to like features of the
ivention.

According to the invention, a system of this generic
category for the transmission of electrical current (both for
the supply of energy and for the transmission of signals
(1including radio frequency signals) and 1n particular of high
current (248 V voltage of the current source) with at least
two rigid conductors connected together in an electrically
conducting manner 1s further developed in that the two
conductors are (indirectly) connected (in an electrically
conducting manner) via at least one electrically conducting,
deformable connecting element.

The deformable connecting element ensures a relative
movability of the rigid conductors, through which tolerances
in terms of the positioning of electrical functional elements
which are to be connected via the system according to the
invention can be compensated.

The connecting element can particularly preferably com-
prise a (preferably cylindrical) helical spring which 1s
shaped like a closed ring 1n the direction of the longitudinal
axis thereol and which grips a section of a first conductor
under pre-tension. This gripping of the first conductor under
pre-tension ensures a permanent contacting between the
conductor and the helical spring.

A contact between the nng-formed helical spring and at
least the second, preferably both conductors, preferably
takes place i a radial plane formed by the ring-formed
helical spring; the helical spring thus contacts the
conductor(s) 1n a ring-formed manner and consequently over
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a relatively wide area. This allows a good transmission
behavior for the current flowing wvia the system to be
achieved.

Particularly pretferably, (at least) two helical springs can
be provided in which each grip a section of the first
conductor under pre-tension and 1n which each contact the
second conductor 1n a radial plane formed by the relevant
helical spring. This allows the eflective surface area for the
transmission of the current to be relatively large.

In order to ensure that the helical springs are 1n permanent
contact with the second conductor and thus ensure good
electrical transmission behavior, 1t can also be the case that
these are pressed against the second conductor by means of
(in each case) a contact element.

Particularly preferably, the contact element(s) themselves
are thereby electrically conducting 1n design and also con-
nected 1 an electrically conducting manner with the first
conductor. As a result, the first conductor contacts the
ring-formed helical spring(s) not only on their inner side
(with which the latter grips the first conductor), but also, 1n
addition, via the contact element(s). As a result, the eflective
surface area for transmission of the current can, again, be
increased.

Preferably, the second conductor, which can for example
be designed in the form of a flat component, has an opening,
through which the first conductor extends, and which can for
example be pin-formed (at least 1n one section). Particularly
preferably, at least one dimension of the opening of the
second conductor 1s greater than the corresponding external
dimension of the first conductor 1n the section thereof
accommodated 1n the opening. As a result, a relative mov-
ability of the conductors 1 a plurality of directions 1is
guaranteed.

Preferably, 1t can also be the case that the opening as well
as the section of the first conductor accommodated therein
are circular 1n cross section, wherein the difference in
diameter amounts to between 0.1 mm and 0.2 mm.

FIGS. 1 and 2 show different views of a system according,
to the mnvention for the transmission of high current, such as
can be used, for example, 1n the drive train of an electric
motor vehicle.

The system comprises two conductors 1, 2, which are
designed as relatively large-volume, solid metal components
and are therefore substantially rigid. A deformation of the
conductors 1, 2 during installation, for example 1n order to
compensate positioning tolerances of electrical functional
clements which are to be connected by means of the system
1s not therefore possible. The conductors 1, 2 are large-
volume and solid i design i order to minimize their
clectrical resistance and consequently power loss during the
transmission of high currents.

The first of two conductors 1 1s pin-formed and the second
conductor 2 1s designed as a contact rail, 1.e. as a ftlat
component. The second conductor 2 has an opening 3
through which the first conductor 1 projects when the system
1s 1n 1its installed state. As can be seen from FIG. 2, the
diameter of the opening 3 1s greater than the external
diameter of the first conductor 1 1n the section 1n which the
latter 1s accommodated 1n the opening. Through this difler-
ence 1in diameter, which can for example amount to between
0.1 mm and 0.2 mm, a defined movability between the two
conductors 1, 2 can be achieved, not only along the longi-
tudinal axis of the first conductor 1 but also 1n a radial
direction thereto. This also permits a tilting (where the
longitudinal axis of the first conductor 1s no longer aligned
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perpendicular to the large lateral surfaces of the second
conductor) of the first conductor 1 relative to the second
conductor 2.

The relative movability of the two conductors 1, 2 1n
relation to one another guarantees a compensation ol posi-
tioning tolerances 1n the electrical functional elements which
are to be connected by the system according to the invention.

In order to guarantee a reliable transmission of the high
current via the system, irrespective of the relative position of
the two conductors 1, 2, the transmission path for the high
current from the first conductor 1 to the second conductor 2
1s formed via two deformable connecting elements. As a
result 1t 1s possible to prevent the effective surface area of the
transmission path for the high current from changing
depending on the relative position of the two conductors 1,
2 1n relation to one another. Instead, due to the deformability
of the connecting elements, the contact surface areas
between the connecting elements on the one hand and the
two conductors on the other substantially remain the same
s1ze, irrespective of the relative position of the conductors 1,
2 1n relation to one another.

The connecting elements are designed in the form of
helical springs 4 which form a closed ring 1n relation to the
longitudinal axis defined by the coils (in relation to the
coils). The mternal diameters of the two ring-formed helical
springs 4 (in theiwr unloaded state) are thereby slightly
smaller than the external diameter of the first conductor 1 1n
those sections 1n which it grips the first conductor 1 follow-
ing 1installation of the system. This leads to the helical
springs 4 expanding radially when these grip the corre-
sponding sections of the first conductor 1, which as a result
of the elastic reaction forces ensures that the helical springs
4 contact the first conductor 1 securely around 1ts entire
circumierence.

The second conductor 2 1s contacted on its two large
lateral surfaces by in each case one of the helical springs 4
in a radial plane formed by the relevant helical spring 4, 1.¢.
in a ring-formed manner.

In order to ensure a permanent contact between the two
helical springs 4 and the second conductor 2, these are
pressed against the second conductor 2 in each case via an
clectrically conducting contact element. One contact ele-
ment 1s thereby formed as the head part 5 of the first
conductor 1, which has a larger diameter in comparison with
a pin-formed base body 6 of the first conductor 1. The head
part 5 forms a ring-formed recess 7 1n which the associate
helical spring 4 1s accommodated. The ring-formed recess 7
1s formed by a ring-formed collar 8, the longitudinal exten-
sion of which 1s chosen such that the (unloaded) helical
spring 4 still projects from this slightly. As a result 1t 1s
ensured that when the head part 5 only presses gently against
the helical spring 4 a defined distance still remains between
the collar 8 and the second conductor 2, which ensures the
desired movability of the first conductor 1 and the second
conductor 2 1n relation to one another.

The second contact element 1s 1n the form of a contact
sleeve 9 which also possesses a collar 8 which forms a
ring-formed recess 7 into which the associated helical spring
4 1s almost completely received. This collar 8 1s also so
dimensioned that when the contact sleeve 9 only exerts a
gentle pressure on the helical spring 4 a distance remains
between the collar 8 and the second conductor 2.

The minimal distance between the two contact elements 1s
defined constructively, for which purpose a ring-formed
projection 10 1s provided against which the contact sleeve 9
comes to rest. As aresult 1t 1s ensured that during installation
of the system the contact sleeve 9 cannot be pushed too far
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in the direction of the head part 5, which could otherwise
lead to the distances between the contact elements and the
second conductor 2 being too short.

The connection of the contact sleeve 9 with the first
conductor 1 1s force-locking, 1n that the internal diameter of
the central opening 11 of the contact sleeve 9 1s slightly less
than the external diameter of a fixing section 12 of the first
conductor 1. However, the diflerence 1n diameter 1s prefer-
ably so small that the contact sleeve 9 can be pushed onto the
fixing section 12 manually or with the assistance of a hand
tool. However, the possibility also exists of forming a press
fit by heating the first conductor 1 and the contact sleeve 9
to different temperatures.

The fixing section 12 of the first conductor 1 has a slightly
larger diameter than the section of the base body 6 preceding
it 1n the plugging direction. As a result, the contact sleeve 9
can, without significant application of force, be plugged onto
the base body 6 of the first conductor 1 and pushed as far as
the fixing section 12.

The system according to the invention 1s assembled 1n that
one of the helical springs 4 1s first pushed onto the base body
6 of the first conductor 1 until this 1s received in the
ring-formed recess 7 of the head part 5. The base body 6 of
the first conductor 1 1s then iserted through the opening 3
of the second conductor 2. The other helical spring 4 1s then
pushed onto the base body 6 of the first conductor 1 and
finally the contact sleeve 9 1s pushed onto the fixing section
12 of the first conductor 1.

The design of the system according to the invention
enables the two conductors 1, 2 to be relatively movable
(within limits) 1n relation to one another, both along the
longitudinal axis of the first conductor 1 and also 1n a radial
direction to this. A tilting of the first conductor 1 and second
conductor 2 in relation to one another 1s also possible. The
ellective surface area for the transmission of the high current
thereby substantially always remains the same, since the
relative movement of the two conductors 1, 2 1s absorbed by
the elastically deformable helical springs 4 without the size
of the contact surface areas between the two conductors 1,
2 and the two helical springs 4 changing significantly.

While the present invention has been particularly
described, in conjunction with a specific preferred embodi-
ment, 1t 1s evident that many alternatives, modifications and
variations will be apparent to those skilled in the art 1n light
of the foregoing description. It 1s therefore contemplated that
the appended claims will embrace any such alternatives,
modifications and variations as falling within the true scope
and spirit of the present invention.

Thus, having described the invention, what 1s claimed 1s:

1. A system for the transmission of electrical current
comprising at least a first conductor and a second conductor,
wherein the first and second conductors are rigid and are
connected via at least one electrically conducting, deform-
able connecting element which comprises a helical spring
shaped like a ring 1n the direction of the longitudinal axis
thereot and which grips a section of a first conductor under
tension such that said helical spring 1s expanded radially,
wherein a contact element 1s formed as a head part of the first
conductor which has a larger diameter 1n comparison with a
pin-forming base body of the first conductor, wherein said
helical spring contacts at least the second conductor 1n a
radial plane formed by said helical spring, such that the
helical spring 1s pressed against the second conductor by
said contact element, wherein the second conductor includes
an opening through which the first conductor extends, and
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wherein the first conductor 1s pin-formed i design and the
second conductor 1s designed as a flat component.

2. The system of claim 1 wherein an internal diameter of
a central opening 1n the contact sleeve 1s slightly less than an
external diameter of a fixing section of the first conductor,
wherein the contact sleeve can be pushed onto the fixing
section.

3. The system of claim 1 wherein the contact element 1s
in the form of a contact sleeve which 1s preferably connected
with the first conductor 1n a force-locking manner.

4. The system of claim 1 including a dimension of the
opening 1n the second conductor being greater than a cor-
responding external dimension of the first conductor in the
section received into the opening.

5. The system of claim 4 wherein the first conductor 1s
pin-forming 1n design and the second conductor 1s designed
as a flat component.

6. The system of claim 1 including another helical spring
wherein both helical springs grip a section of the first
conductor under tension and contact the second conductor 1n
a radial plane formed by one of said helical springs.

7. The system of claim 6 wherein the second conductor
includes an opening through which the first conductor
extends.

8. The system of claim 6 wherein the contact element 1s
of electrically conducting design and 1s connected with the
first conductor 1n an electrically conducting manner.

9. The system of claim 8 wherein the second conductor
includes an opening through which the first conductor
extends.

10. The system of claim 9 including a dimension of the
opening 1n the second conductor being greater than a cor-
responding external dimension of the first conductor 1n the
section received nto the opening.

11. The system of claim 10 wherein the opening as well
as the section of the first conductor received into the opening
are each circular 1n cross section, wherein the difference in
diameter amounts to between 0.1 mm and 0.2 mm.

12. The system of claim 4 wherein the opening as well as
the section of the first conductor received into the opening
are each circular 1n cross section, wherein the difference in
diameter amounts to between 0.1 mm and 0.2 mm.

13. The system of claim 12 wherein the first conductor 1s
pin-formed 1n design and the second conductor 1s designed
as a flat component.

14. The system of claim 1 wherein the contact element 1s
of electrically conducting design and 1s connected with the
first conductor 1n an electrically conducting manner.

15. The system of claim 14 wherein the contact element
1s 1 the form of a contact sleeve which i1s preferably
connected with the first conductor 1n a force-locking man-
ner.

16. The system of claim 15 wherein an mternal diameter
of a central opening 1n the contact sleeve 1s slightly less than
an external diameter of a fixing section of the first conductor,
wherein the contact sleeve can be pushed onto the fixing
section.

17. The system of claim 4 wherein the contact element 1s
in the form of a contact sleeve which 1s preferably connected
with the first conductor 1n a force-locking manner.

18. The system of claim 17 wherein an mternal diameter
ol a central opening 1n the contact sleeve 1s slightly less than
an external diameter of a fixing section of the first conductor,
wherein the contact sleeve can be pushed onto the fixing
section.
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